Immunohistochemical staining is the detection of
Techniques in which the primary antibodies specific antigens in tissue sections through the use of specific for the antigen of interest are labeled with an enzyme antibodies that are labeled so that the sites of antibody are termed direct methods (Fig. la) . In direct immuattachment become microscopically visible. Immu-nostains, the antiserum is incubated on the tissue folnohistochemistry has been used for diagnosis of dislowed by addition of an enzyme substrate that causes eases associated with autoantibodies, tumors, immune the deposition of an insoluble colored reaction product complex deposition, and for the detection of microat the sites of antibody binding in the tissues. This organisms causing infectious diseases. 9, 18, 26, 31 Until recently, most immunohistochemical stains have used fluorescein dye-labeled antibodies on fresh or frozen tissue specimens. 10 These methods produce a labile stain that is visible only with an ultraviolet microscope. Enzyme-labeled antibodies and methods applicable to tissues fixed in standard fixatives such as formalin have been more recently described. 16, 24 These techniques have added a new dimension to diagnostic pathology by creating permanent stains demonstrating the distribution of antigens visible with ordinary light microscopy. This paper summarizes some of the techniques, the technical problems, and the limitations of the application of enzyme immunohistochemical stains on fixed tissues in diagnostic veterinary pathology. Recently, automated systems for performing immunohistochemical stains have been developed, 7 and the use of 1 of these systems is described.
Immunohistochemical staining methods
reaction product is visible with light microscopy. Direct immunostains are simple and economical to perform; however, they provide little amplification of the visible signal, so their use is limited to detection of plentiful antigens such as immunoglobulin deposits in skin biopsies for the diagnosis of autoimmune skin diseases (Fig. 2 ). An additional disadvantage of direct immunostains is that each primary antiserum must be conjugated to an enzyme.
Indirect immunostaining methods utilize an enzyme-conjugated anti-immunoglobulin second antibody to detect binding of the primary antibody to the tissue section ( Fig. lb) . Although indirect immunostains are somewhat more complex and time-consuming to perform, these stains have 2 advantages over direct methods. Indirect stains enhance the sensitivity of antigen detection because several secondary antibodies will bind to each primary antibody, intensifying the visible signal produced by the binding of each primary antibody. In addition, indirect stains do not re-For routine use in a diagnostic laboratory, the im-quire conjugation of each of the primary antisera. Highmunohistochemical stain should be as technically sim-titer enzyme-conjugated antisera to immunoglobulins ple as possible to minimize errors and costs. The meth-are commercially available, and a single enzyme-conod must, however, provide sufficient amplification of jugated antiserum to rabbit or goat immunoglobulin the antibody-antigen interaction to enable detection may be used with numerous primary antibodies in a of antigens immunogenically altered by fixation. Figure variety of stains. Indirect immunostains may be used 1 shows 3 commonly used immunoenzyme staining in fixed tissues to detect relatively plentiful antigens methods.
such as insulin ( Fig. 3 ) and other peptide hormones.
In addition to the indirect methods there are a va- avidin-biotin complex (ABC) method ( Fig. 1c ). 16 The second antibody, the tissue is exposed to preformed ABC immunostain relies upon the high affinity of the complexes of avidin and biotin. Each avidin has bind-B-vitamin biotin for the egg-white glycoprotein avidin. ing sites for 4 biotin molecules. The avidin-biotin Antigens in tissue sections are detected by an unlabeled complexes are produced, ensuring free biotin-binding primary antibody followed by a second antibody to sites on the avidin molecules, which promotes binding immunoglobulin labeled with biotin. Following the of the complexes to tissue-associated biotinylated sec-ond antibody. The biotin molecules are labeled with formalin-fixed tissues, and Table 1 describes the tech-an enzyme, usually peroxidase. As in direct and indirect immunoenzyme methods, an enzyme substrate nical details of the method.
is applied to the tissue and a colored reaction product forms on the slide at sites of antibody-enzyme complex binding. The ABC method is technically complex and thus time consuming and expensive to perform compared with direct and indirect techniques. However, the amplification afforded by this stain is often necessary to detect scarce antigens or antigens immunogenically altered by formalin fixation. The ABC immunostain has been used for the detection of most tumor markers and infectious disease agents in formalin-fixed tissues. [1] [2] [3] [4] 822, 23, 28, 29, 37 Figures 4a and 4b demonstrate ABC immunohistochemical detection of rabies and bovine viral diarrhea virus, respectively, in The temperature of tissue processing may also affect the preservation of antigens in tissue sections. The temperature of paraffin infiltration in most laboratories is & If temperatures exceed 60 & the antigens may be destroyed or damaged, particularly at the edges of the tissue section. 27 Processed tissue in paraffin blocks may be stored indefinitely at room temperature without further loss of antigenicity. We have immunohistochemically detected bovine respiratory syncytial virus antigens in a section cut from a paraffin block stored for over 30 years.
To ensure adherence of tissue sections to the slides, the slides should be precoated with an adhesive. Many laboratories use either poly-L or poly-D lysine. 26 The difference between the surface charge of the coated slide and the tissue section promotes adhesion of the specimen, without which sections may be lost from the slides during the staining procedure, particularly if proteolytic enzyme digestion is used.
Paraffin sections should not be placed on a hot plate for drying. Instead, slides are dewaxed in vertical racks in the drying oven (56-60 C) for 1 hour then may be stored in a dust-free box at room temperature for at least several months. ml in PBS supplemented with H 2 O 2 (10 µ1 of 50% H 2 O 2 in 5 ml PBS). Apply 4 drops to each section and incubate the slides at room temperature for 5 min. Wash the sections 3 times in PBS for 5 min. Counterstain the sections with hematoxylin. Dehydrate and coverslip.
Proteolytic enzyme digestion
The ability to perform immunohistochemical stains on formalin-fixed paraffin-embedded tissue is largely attributable to the discovery that digestion of the sections with proteolytic enzymes improves the reactivity of antibodies with fixed-tissue antigens. 17 Why antigens in fixed tissues are less immunogenic than are antigens in unfixed tissue specimens is unclear. This characteristic may result from a combination of the effects of fixation reducing the permeability of the tissue for antibodies and of cross-linkage of the protein epitopes in the tissue reducing their recognition by antibodies. Treatment of the tissue sections with proteolytic enzymes may act to reverse these effects.
The optimal proteolytic enzyme digestion procedure can vary, depending upon the antigen, fixation technique, and antiserum used. The optimum procedure can be determined by testing the immunostain on serial sections of a known positive tissue subjected to treatment with various concentrations of each proteolytic enzyme for variable time periods. Often 0.05% protease a for 15 minutes at 37 C provides the optimal digestion; however, a more prolonged digestion with trypsin b is superior for demonstration of immunoglobulins. 15 Digestion with trypsin, proteinase, pronase, pepsin, or ficin generally, but not always, enhances fixed-tissue immunogenicity. Two exceptions are the demonstration of desmin and vimentin intermediate filament proteins, in which the immunoreactivity is optimal in undigested tissue sections. 11
Endogenous tissue enzymes
Endogenous enzymes in tissues can result in enzyme substrate deposition in the absence of specific antibody binding. This deposition may be prevented by inactivation of endogenous enzymes in the tissues prior to immunostaining. When peroxidase conjugates are used, the most common treatment is exposure of the sections to hydrogen peroxide in methanol or a solution of hydrogen peroxide in PBS alone or with azide. In paraffin sections, endogenous peroxidases are readily inactivated and the primary concern is the effect of this treatment on the antigenicity of the tissues. For this reason, some immunohistochemists do not inactivate endogenous peroxidases. 38 However, the pseudoperoxidase activity of red blood cells is disconcerting and may make observation of subtle staining difficult. An effective strategy to minimize the effects of peroxidase inactivation on tissue antigens is to perform this treatment prior to the digestion with proteolytic enzymes when antigens are "masked" and less sensitive to denaturation.
Some immunohistochemists advocate the use of alkaline phosphatase (AP) enzyme conjugates for immunohistochemistry because of the ease with which most endogenous alkaline phosphatases are inactivated by levamisole. 6 However, AP in bovine intestine is resistant to this treatment, 12 which restricts its use in veterinary immunodiagnosis.
Primary antibodies
The availability of high quality antiserum detecting the antigen of interest is critical for developing a successful immunohistochemical stain. The quest for antibodies that detect antigens of interest in veterinary species and are reactive in formalin-fixed tissues is particularly challenging. The major difficulties encountered with the use of primary antisera include nonspecific binding of the antibodies to tissue sections, unwanted staining of the tissue sections because of contaminating or cross-reactive antibody populations in the antiserum, and lack of antibody reactivity for antigens in formalin-fixed tissues.
Nonspecific adherence of primary or subsequent antisera to tissues may be caused by either ionic or hydrophobic interactions or reactions with free aldehydes in the tissues. 33 Nonspecific staining results in diffuse staining within the sections. However, this staining may not be entirely homogeneous because some constituents of the tissues will have a greater tendency to stain than will other components. Nonspecific adherence of the primary antiserum to the tissue section is evaluated by testing tissues known not to contain the antigen and by including a serial section from each test tissue on which an irrelevant antiserum is substituted for the primary antiserum. It is important that the immunoglobulin concentration of the substituted antiserum be similar to that of the specific primary antiserum.
Nonspecific immunoglobulin adherence to tissues is minimized by applying the highest possible dilution of the antiserum that results in distinct specific staining. Nonspecific adherence of the antiserum is also minimized by treating the slides with normal nonimmune serum prior to exposure to the primary antibody and by adding normal serum to the antibody diluents. Normal serum (containing immunoglobulin) acts to saturate nonspecific immunoglobulin binding sites and by competition prevents attachment of the specific antiserum. It is customary to pretreat sections with 2-5% normal serum from the species in which the second antibody was prepared and to add similar concentrations of this serum to the antibody diluents.
Another means of reducing nonspecific staining due to hydrophobic interactions between the antibodies and the tissues is the addition of detergent c to the antibody diluents and washing buffers. Generally detergents result in some reduction of specific as well as nonspecific staining.
In addition to nonspecific staining, polyclonal antisera may cause specific but unwanted staining due to the presence of other antibodies in the serum in addition to those for which the animal was immunized. The presence of these contaminating antibodies may be detected when staining occurs on known antigennegative tissues or when staining occurs in a fashion inconsistent with the known distribution of the antigen. The most frequently encountered unwanted staining is staining of blood constituents. Generally, unwanted staining of red blood cells and serum can be readily absorbed from antisera by brief (30 minutes) preincubation of the antiserum with normal serum or red cells prior to application to the tissue section. Unwanted staining of normal tissues other than blood constituents is more difficult to resolve. If widely distributed normal antigens are recognized, the antiserum may diffusely stain the section and partially or completely obscure specific staining. There are a number of approaches to attempt to reduce this unwanted staining, generally involving absorption of the antiserum with tissue powders prepared from normal tissues. Generally, however, these absorptions do not sufficiently reduce the unwanted staining to enable use of the antiserum for diagnostic testing. Contaminating antibodies may also be removed from an antiserum by affinity purification of the antisera; however, this is not routinely advised for immunohistochemistry because only low-and medium-avidity antibodies are recovered by affinity purification, and high affinity antibodies are most effective for immunohistochemistry. 20 The best approach to the problem of contaminating antibodies is to avoid their induction when immunizing the experimental animal to produce the antiserum. This is achieved by avoiding concurrent immunization with normal cellular antigens. For example, when producing an antiserum for detecting bovine Parainfluenza type 3 (PI-3) virus it is critical to grow the virus in nonbovine cells without fetal bovine serum in the medium. If not, the experimental animals will, upon immunization with the tissue culture virus preparation, develop an immune response to normal bovine cell constituents as well as to viral antigens. Figure 5 shows staining of bovine lung with 2 polyclonal antibodies to PI-3, 1 section ( Fig. 5a ) was stained with a commercially purchased antiserum and shows diffuse staining of normal bovine antigens; the other section ( Fig. 5b) was stained with an antiserum raised to the PI-3 virus grown in nonbovine cells in medium free of bovine serum and shows no significant staining of nonviral antigens.
In addition to antibodies against the immunizing antigen preparation, polyclonal antisera will also contain other antibodies recognizing microorganisms to which the animal is naturally immune. For example, antibodies that recognize Pasteurella antigens are not uncommon in rabbits, and these antibodies may contaminate rabbit antisera. This contamination will be problematic when using antisera raised to respiratory pathogens because if Pasteurella antigens are present in the tissue they will be stained in addition to the pathogen of interest and may confuse the interpretation of the staining. For this reason, it is important when producing antisera against infectious diseaseproducing agents that specific pathogen-free animals be used for antiserum production.
In addition to nonspecific binding and staining due to contaminating antibodies, staining problems with primary antibodies may arise from cross-reactivity of the antibodies. The amplified sensitivity of enzymebased ABC immunohistochemical staining may result in visualization of antibody cross-reactivity that would not be apparent with less sensitive test methods. Figures 6a and 6b show an example of antiserum crossreactivity in an ABC immunohistochemical stain for Leptospira antigens. Tissue experimentaly infected with Leptospira hardjo is shown stained with an agglutination-test serotype-specific antiserum d for L. pomona. The sensitivity of the ABC immunohistochemical method results in detection of cross-reactivity of this antiserum to many serovars of Leptospira. Similarly, antiserum to other bacterial pathogens have been found to be broadly cross-reactive among strains and serovars when used in ABC immunohistochemical stains. 34 The use of monoclonal rather than polyclonal antibodies should theoretically avoid contaminating antibodies or antibodies with cross-reacting specificities in the primary antiserum. However, monoclonal antibodies may also occasionally display nonspecific staining. The sources of nonspecific staining with monoclonal antibodies are unclear; 1 possibility is that this staining is caused by antibodies of other specificities contaminating the monoclonal antibody preparation. Most monoclonal antibodies are from ascites fluids harvested from mice following intraperitoneal injection of the hybridoma cells and may contain other mouse antibodies in addition to the monoclonal antibody. 20 Nonspecific or unwanted staining with monoclonal antibodies may also be related to the presence of the same antibody-binding site on different molecules. Although monoclonal antibodies are selected for reactivity with a single epitope on the immunizing antigen, the epitope may also occur on other related or even on totally unrelated molecules, 19 resulting in staining in inexplicable and unexpected patterns. 25 This is in contrast to the cross-reactivity that occurs when using polyclonal antibodies, which is generally restricted to staining of related molecules or organisms.
Inability of the primary antiserum to recognize antigens in formalin-fixed tissues is the most common problem encountered in the development of immunohistochemical stains for formalin-fixed tissue sections. Both monoclonal and polyclonal reagents may be less reactive to antigens in formalin-fixed tissues than in fresh or frozen tissue sections. However, when using polyclonal antisera, sufficient numbers of epitopes are usually retained in fixed tissues that a detectable proportion of the antibodies are able to bind. In contrast, with monoclonal antibodies, if the single epitope that is recognized by the antibody is damaged during fixation or processing, the antiserum is totally unreactive.
Even when a monoclonal antibody has been shown to detect an epitope preserved in fixed tissues, the presence of only a single epitope recognized by monoclonal antibodies may result in an increased risk of false negative results when detecting infectious disease agents, especially if antigenic variability occurs among the pathogens. When using monoclonal antibodies, the chances of false negative results due to differences in antigen expression can be minimized by using either a cocktail of monoclonal antibodies directed against different epitopes and/or antibodies directed against highly conserved antigens. Figure 7 shows an immunohistochemical stain for transmissible gastroenteritis virus (TGEV) of pigs using a cocktail of 3 monoclonal antibodies.
Other problems with primary antisera used in immunohistochemistry concern the quality of the reagents and standardization of the test methods. Antisera of consistent quality are desirable for diagnostic testing because the method, once established, could then be used indefinitely within and among laboratories. In practice however, there is often considerable lot-to-lot variation in the quality of antisera, even commercially purchased monoclonal antibodies; therefore, immunohistochemical-stains must be restandardized whenever a new source or lot of antiserum is used.
An additional consideration in using antisera in veterinary immunodiagnosis is that many of the available primary antisera, especially those for tumor identification, are intended for use in human tissues. Although many of these antisera are sufficiently cross-reactive to be used in animals, the possibility of species differences in antigen expression must be considered. A monoclonal reagent to cytokeratins, designed to detect all epithelial tissues in humans, did not detect all normal epithelial tissues in dogs. 11 Whether these negative results are due to species differences in the keratin expression or whether the antibody preparation was not truly pan-cytokeratin is uncertain; however, it does point out the need to do comprehensive testing before using primary antisera among species.
Secondary antibodies
Biotinylated and enzyme-conjugated secondary antibodies directed against immunoglobulins of almost all species of interest in veterinary medicine are commercially available. When developing an immunohistochemical stain using an untested secondary antibody this antiserum should be evaluated by staining lymphnode sections of the appropriate species. Plasma cells, a proportion of B cells, and serum in blood vessels within the sections should be brilliantly stained.
The contribution of secondary antisera to nonspecific and unwanted staining is primarily caused by crossreactive binding to endogenous immunoglobulin in the tissue sections. This binding is assessed by testing a section of the test tissue in which the primary antibody is omitted from the staining sequence. Most peroxidase-conjugated or biotinylated antibodies to immunoglobulins do not cross-react sufficiently to cause significant staining of endogenous immunoglobulin in the tissues of other species in immunohistochemical stains; exceptions are antisera to mouse and goat immunoglobulins, which often cross-react to detect porcine immunoglobulins.
Avidin-biotin complex reagents
There are many sources of avidin-biotin complex reagents often available as convenient kits. It is useful to periodically compare the background and staining intensity obtained with these various systems. 5, 21 When compared with other avidin-biotin systems, peroxidase anti-peroxidase (PAP), ABC alkaline phosphatase, and ABC glucose oxidase methods, an avidinbiotin complex peroxidase kit e has consistently produced superior results in our laboratory. Avidin binds to (and results in staining of) the granules of mast cells through nonspecific binding to heparin and heparinlike molecules. 13 This staining will not be confused with specific staining because this staining will also be pres-ent on slides in which an irrelevant antibody has been substituted for the primary antibody and on slides in which the primary and secondary antibodies have been omitted. Avidin from egg whites has a high isoelectric point; at pH 7.4 it is positively charged and tends to bind to some proteins. Streptavidin is another biotinbinding protein isolated from Streptomyces avidinii.
Unlike avidin, streptavidin is not glycosylated and has an isoelectric point close to neutral so it does not nonspecifically bind at this pH.
Chromagen
The chromagen or enzyme substrate is the source of the colored stain on the section. The most commonly used chromagen is the peroxidase substrate (3,3') diaminobenzadine-HCl (DAB). Diaminobenzadine, in the presence of peroxide, generates a dark brown precipitate. The advantages of DAB are that it produces very intense deposits, is insoluble in aqueous and organic solvents, and the stain is stable indefinitely. Slides stained with DAB may be counterstained with hematoxylin, dehydrated, and mounted like routine histologic sections. Diaminobenzadine deposits may be confused by the novice with melanin and hemosiderin; however, the rich chocolate color of DAB becomes readily distinguishable with minimal experience.
There are alternative peroxidase substrates that produce other colors but these stains are less intense or are soluble in organic solvents. The most commonly used alternative chromagen is 3-amino-9-ethylcarbazole (AEC), which produces a dramatic, intense red color. The disadvantage of AEC is that it is soluble in organic solvents so that water-based mounting medium f must be used. The use of AEC is advantageous when staining tissues in which there is excessive pigment deposition, such as in melanomas. Figure 8 demonstrates the use of AEC chromagen in an immunohistochemical stain for antigens of Chlamydia psittaci.
In some situations it is desirable to demonstrate more than 1 antigen in tissues from a case. There are several methods for achieving simultaneous immunolabeling of several antigens 35, 36 on a single section. This labeling may be accomplished by combining different enzymes and/or enzyme substrates or enzymes in conjunction with immunogold staining. Multiple immunostains are technically very difficult and time consuming because each stain is usually conducted sequentially. For diagnostic work in which the relationships among the different antigens in the sections are usually not crucial, it is much easier to conduct each immunostain individually on sequential sections from the tissue block.
Enzyme activity and chromagen development are highly dependent upon high-quality purified water. Distilled water from reverse osmotic or ion exchange purification systems will not produce water of consistent quality or sufficiently pure enough for these stains because traces of organic materials may be present. Ultrapure water for biotechnology or for intravenous injection should be used.
Quality control
Immunohistochemical stains will increasingly be used as an adjunct to other histologic stains for diagnosis in veterinary pathology. For the results of these tests to be reliable, it is critical that the diagnostic laboratories performing the tests develop procedures to ensure the day-to-day quality of the test results and attempt to determine the sensitivity and the specificity of the staining technique for diagnosis of the suspected disease.
The terms sensitivity and specificity may have 2 different meanings when applied to immunohistochemical stains. When discussing an antiserum, these terms refer to the biochemical reactivity of the antibody. It is impossible to fully verify the biochemical specificity of either monoclonal or polyclonal antiserum. Because the epitopes recognized by antibodies may occur on completely unrelated molecules, anti- bodies may cross-react and bind to similar or to entirely different proteins. 19 Techniques such as immunoblotting or enzyme-linked immunosorbent assay may be used to attempt to demonstrate biochemical antibody specificity for immunohistochemical stains, 33 however, because the epitopes may be presented very differently, depending upon processing of the specimens for these tests, and both false negative and positive reactions can occur. 2o Another method of showing the biochemical specificity of the antibody is to test the primary antiserum following absorption with the antigen of interest. 33 If the staining is abrogated, then antiserum is binding to the antigen used in the absorption. However, this does not ensure that the same (rather than a cross-reactive) antigen is detected in the tissue sections. In some instances, absorption with antigen results in enhanced instead of diminished staining. Figure 9a demonstrates sections of bovine gut stained with monoclonal antibodies to bovine coronavirus. Following incubation of the antibodies with virus-infected (but not uninfected) cell culture, the staining was paradoxically enhanced (Fig. 9b ). This enhanced staining has been reported by others. 20 The reasons for this phenomenon are unclear but may involve the formation of immune complexes. When highly purified antigen is available, it may be useful to test antiserum specificity by absorption; however, in other instances this is not worthwhile because both positive and negative results are inconclusive.
In diagnostic testing, the terms sensitivity and specificity can also be used with respect to the ability of the stain to detect positive and negative cases accurately; in this sense, the biochemical specificity of the antiserum does not have to be considered, only the ability of the antiserum to correctly identify positive from negative cases. The sensitivity and specificity of the stain are assessed by evaluation of a series of known negative and known positive cases. The status of the cases must be shown by some other reliable test system and/or the criteria for the assumption of positive and negative must be clearly defined.
Daily controls of quality assurance of immunohistochemical stains include simultaneous staining of sections of a known positive case. This ensures the reproducibility of the technique because the staining intensity and distribution in this tissue should remain consistent. However, because the control and unknown case tissues were sampled differently, fixed for different periods, and embedded and stored for different periods, the antigens in the test and control tissues may not have been equally preserved and false negative results can occur. Therefore, the interpretation of negative findings must be cautious. If the specificity of the primary antibody for the antigen of interest and for discriminating positive from negative cases has been carefully examined, then positive immunohistochemical findings can usually be interpreted confidently. An additional important daily control is the inclusion of sections from each tissue in which an irrelevant antiserum has been substituted for the specific antiserum to evaluate nonspecific staining due to immunoglobulin adherence to the section.
Occasionally there are endogenous controls in the tissues that act as internal positive and negative controls. For example, when staining for intermediate filaments, normal morphologically identifiable tissue should stain for the expected intermediate filament antigen. In other cases in which extensive antigenic damage is suspected, the tissue may be stained for normal antigens (such as immunoglobulin or intermediate filament proteins) in addition to the antigen of interest. If the normal antigens are not preserved, then negative staining for the test antigen must be interpreted carefully. Different antigens vary in their susceptibility to damage, and the staining is dependent upon the number of epitopes that are recognized by the antiserum; however, this test may point to gross immunogenic damage, which suggests the possibility of false negative staining.
The greatest advantage of diagnosis using enzymebased immunohistochemical stains on formalin-fixed tissues is that the results can be viewed and interpreted in conjunction with the histologic features of the tissues. Examination of the immunohistochemical stain by a pathologist contributes to assurance of the specificity of the staining reaction because the appearance of tissue staining in the expected distribution corresponding to the antigen sought provides evidence of the specificity of the reaction. Conversely, staining in an unexpected location or pattern suggests that the staining may not be specific.
Automation
Although the availability of reagent kits has made immunohistochemical techniques readily accessible, these stains have not yet become routine in most veterinary diagnostic laboratories. The principal reason for this may be that immunohistochemical stains, particularly ABC stains, are labor intensive and consequentially expensive and time-consuming. During the staining procedure, each section must be manipulated over 100 times, including the application of many different solutions. Each case usually requires staining 6-12 slides, depending on the number of tissue blocks examined, and even skilled technicians are able to stain only about 50 slides per day.
The major obstacle to increasing the efficiency of immunohistochemical stains is the actual time required to perform similar procedures with many slides. The efficiency, therefore, may be greatly increased by automating many of these manipulations. At least 2 automated staining systems for immunohistochemistry have been developed. 30, 32 One of these systems g is a microcomputer-driven triaxial robotic arm that holds 60 slides in pairs arranged in close parallel array with a 150-µm gap between adjacent slides. Reagents in 200-µ1 quantities are applied and removed from each slide pair by capillary action. This computer-driven autostainer can be programed to move through an operator-determined series of reagent applications, incubations, and washes. The autostainer is capable of completing all steps of the immunohistochemical stain from slide deparaffinization to counterstaining.
The advantages of the automated system include freeing personnel from the tedious tasks of applying reagents to slides, decreased opportunity for human errors, decreased volumes of reagents, and the capacity to stain greater numbers of slides. With this system, 60-100 slides per day may be stained with about 2 hours of technologist time. The disadvantages of the automated system include the initial expense the equipment and the need for higher concentrations of antibodies than when sections are stained manually. Higher antiserum concentrations are required because of the use of detergents, methanol, or acetone in all the buffers in the automated staining system. 7 These agents are necessary to reduce the surface tension on the glass slides and facilitate the movement of liquids within the capillary gap between adjacent slides. However, these agents also reduce antibody binding and the concentrations of primary antiserum usually need to be increased 2-fold compared with the concentrations used for manual staining.
Applications
The advantages and applications of immunohistochemical stains of formalin-fixed tissues for diagnosis in veterinary pathology have been recently reviewed. 14 One advantage of antigen detection on formalin-fixed tissues is that the same specimen may be used for both routine histological and immunohistochemical examination. The ability to detect antigens in fixed specimens also enables retrospective diagnoses in cases in which there are no longer fresh tissue samples available. In addition, these tests can improve diagnostic accuracy by promoting visualization of the distribution of the infectious disease agent simultaneously with the histologic lesions. The sensitivity of diagnosis, especially for infectious disease-producing microorganisms, may also be increased by the ability to preselect sections containing histologic lesions to be immunohistochemically examined for the organism. Immunohistochemical stains of fixed tissues have the additional advantage of providing safe handling of specimens containing human and animal pathogens.
The ability to detect immunoglobulins in formalinfixed tissues enables precise correlation between histologic and immunohistochemical findings for improved diagnosis of autoimmune skin diseases. Finally, immunohistochemical stains for cell-and tissuespecific antigens may be used to identify tumor cell populations for more accurate tumor diagnosis.
Immunohistochemical stains are most effectively used as adjuncts to histopathology in achieving diagnosis, allowing the pathologist to correlate the histologic and immunohistochemical findings.
